Introduction {#S0001}
============

Bronchoscopic lung volume reduction with endobronchial valves (EBV) is an additional treatment option for patients with severe emphysema and hyperinflation. The purpose of this treatment is to achieve volume reduction of the most diseased lobe. During this treatment, one-way endobronchial valves are placed in all (sub-)segments of the most diseased lobe to achieve lobar occlusion. This treatment has been proven effective in multiple studies, and provides clinically meaningful benefits in lung function, dyspnea, quality of life and exercise tolerance in a selected group of patients with chronic obstructive pulmonary disease (COPD).[@CIT0001]--[@CIT0008]

However, treatment is only effective in carefully selected patients. The most important factor for an effective treatment is the absence of interlobar collateral ventilation. If collateral ventilation is present between the target lobe and adjacent ipsilateral lobe(s), the placement of one-way valves will not achieve the desired atelectasis, resulting in no clinically meaningful benefit.[@CIT0009]--[@CIT0013]

Collateral ventilation can be functionally measured using the Chartis system^®^ (PulmonX Inc., Redwood City, CA, USA).[@CIT0012],[@CIT0014],[@CIT0015] With this method, a catheter with a balloon component at the end is inflated in the entrance of the airways of the target treatment lobe. The Chartis console then measures the expiratory airflow from this lobe. If airflow persists after balloon occlusion, this indicates that there is collateral ventilation. However, if the flow decreases over time and gradually stops, this indicates the absence of collateral ventilation and these patients are suitable for treatment with valves.

Although Chartis measurement proved to be a valuable and reliable tool, it is a time-consuming bronchoscopic procedure if used in all patients with severe hyperinflation regardless if they will receive valves, as many have collateral ventilation. If this measurement could be avoided in patients with certain presence (or absence) of collateral ventilation, this would save burden, time and costs.

An indirect and non-invasive method for assessment of collateral ventilation is the fissure completeness score (FCS) calculated on high-resolution computed tomography (HRCT) using quantitative CT analysis (QCT). A high score indicates that an interlobar fissure is (nearly) complete and that the likelihood of having collateral ventilation is small, though not absent.[@CIT0015] Until recently, a fissure was defined as complete on HRCT scan if the fissure integrity was more than 90 percent.[@CIT0001]--[@CIT0003],[@CIT0014],[@CIT0016]-[@CIT0018] This value is relatively arbitrary and studies found rather variable relations between the FCS and treatment outcome. A recent study supports the use of combining the fissure completeness scores and Chartis measurements and advised a Chartis measurement in patients with FCS between 80% and 95%, exclude patients with FCS\<80% and treat patients with FCS\>95%.[@CIT0015] There is a need for confirmation regarding these cut-offs, given the importance of accurately selecting the responder patients.[@CIT0012],[@CIT0013] Although Chartis measurement is clinical practice in many clinics, there are recent studies that advocate the use of the fissure cut-off score of 90% only.[@CIT0019],[@CIT0020] However, more accurate selection of responder patients prevents unnecessary procedures, non-beneficial treatments and extra costs in patients with collateral ventilation. Therefore, we performed a study to correlate the FCS to the Chartis assessment. In this study, we investigated in which patients additional Chartis assessments are recommended or can be avoided with detailed quantitative assessment of the FCS on HRCT. Additionally, we evaluated costs involved in adding Chartis assessment.

Patients and Methods {#S0002}
====================

Study Design {#S0002-S2001}
------------

This is a retrospective multicenter study comparing outcomes of the quantitative assessment of the FCS on HRCT with Chartis measurements in a routine clinical care setting in the University Medical Center Groningen, the Netherlands and in the Charité University Clinic, Berlin, Germany. The study was conducted in accordance with the declaration of Helsinki, and all patients provided written informed consent regarding their treatment and use of their data for future scientific purposes, which was approved by the medical ethics committee of the University Medical Center Groningen (METc2016.483) and of the Charité University Clinic (EA2/149/17). All data was anonymized and treated with confidentiality according to GCP guidelines.

Patients were selected for treatment based on their primary assessment and work-up including a pulmonary function test, high-resolution CT scan (maximum 1 mm slice thickness) and QCT analysis with a target lobe for treatment with (near) complete fissures between the target lobe and the ipsilateral lobe. During the valve procedure, Chartis is performed and if there is no collateral ventilation, valves are placed. All patients who were scheduled for a valve treatment procedure and who have signed an informed consent form were included in this study. The Chartis measurement was performed for the target lobe fissure first, and preferably all other fissures to gather information regarding the presence or absence of collateral ventilation over the other fissures.

Assessment of FCS on HRCT {#S0002-S2002}
-------------------------

QCT analysis was performed on all baseline scans using Thirona LungQ version 1.0.0 (Thirona BV, Nijmegen, the Netherlands) to assess fissure completeness and lobar tissue destruction at baseline for each subject. The methods for QCT analysis and calculation of the FCS have been described previously.[@CIT0015] In each chest CT scan, the lungs, fissures and lobes were automatically segmented and afterwards visually checked and edited by trained medical analysts. Based on these results, FCS was computed for each lobe. This is defined as the percentage of the lobar boundaries defined by a fissure.

Chartis Measurement {#S0002-S2003}
-------------------

Collateral ventilation was assessed as previously described using the Chartis system.[@CIT0021] The measurements were performed under either spontaneous breathing with conscious sedation (Berlin) or under general anesthesia (Groningen) using a flexible therapeutic bronchoscope. The Chartis balloon was placed in the entrance of the upper lobe and/or the lower lobe from the right lung and the left lung.

In the right lung, the major fissure can be measured in the lower lobe or in the upper lobe while blocking the middle lobe with a Fogarty balloon or Watanabe spigot. The right upper lobe fissure consists of the minor fissure and a part of the major fissure ([Figure 1](#F0001){ref-type="fig"}) and is measured with Chartis in the right upper lobe. In the left lung, the major fissure can be measured in the lower lobe or in the upper lobe. Preferably, the target lobe was chosen to be measured first. Chartis results were defined as presence of collateral ventilation (CV~pos~), absence of collateral ventilation (CV~neg~), or "not conclusive", if the status of collateral ventilation could not be concluded. These assessments include the "low flow" or "no flow phenotype" (also known as "collapse phenotype") and the "low plateau phenotype" as recently reported.[@CIT0022],[@CIT0023]Figure 1Measurement of collateral flow with Chartis. (**A**) and (**B**) Collateral flow over the left major fissure (red) is measured by a balloon occluding the entrance of the left lower lobe (**A**) or the left upper lobe (**B**). (**C**) Collateral flow over the right upper lobe fissure is measured in the right upper lobe. This fissure consists of the minor fissure and a part of the right major fissure (red). (**D**) Collateral flow over the right major fissure (red) is measured by a balloon occluding the entrance of the right lower lobe. If this is unsuccessful, (**E**) collateral flow can be measured in the right upper lobe while the middle lobe is also occluded with a Fogarty balloon or a Watanabe spigot (green).

Statistical Analyses {#S0002-S2004}
--------------------

Patients were included in the analysis if they underwent Chartis assessments and had an evaluable baseline HRCT. The FCS was evaluated for its ability to predict the Chartis outcome, for which a receiver operating characteristics (ROC) curve was created. Sensitivity, specificity, positive and negative predictive values were calculated for each FCS. We aimed to calculate two FCS thresholds for both major fissures and the right upper lobe fissure. The first lower threshold of FCS was set to minimize the number of false negatives (incomplete FCS without presence of collateral ventilation). The second higher threshold of FCS was defined to minimize the number of false positives (complete FCS but presence of collateral ventilation). This will result in three groups for each fissure: 1) incomplete fissure (less than lower FCS threshold); 2) complete fissure (more than higher FCS threshold); 3) partially complete fissure (FCS between two thresholds). IBM SPSS Statistics, version 23.0 (Armonk, USA) was used for all analyses.

Results {#S0003}
=======

Study Patients {#S0003-S2001}
--------------

In total, 240 patients with COPD and eligible for EBV treatment were included, and the FCS of the right major fissure, right upper lobe fissure and left major fissure ([Figure 1](#F0001){ref-type="fig"}) were measured with QCT analysis. In these patients, 429 fissures were categorized as "presence of collateral ventilation between EBV target lobe and ipsilateral lobe" (CV~pos~) or "absence of collateral ventilation between EBV target lobe and ipsilateral lobe" (CV~neg~) with Chartis assessments. The baseline characteristics of the included subjects are presented in [Table 1](#T0001){ref-type="table"}.Table 1Baseline CharacteristicsPatients (N)240Female (N)142 (59%)Age (years)66 ± 8BMI (kg/m^2^)24 ± 4Pack years45 ± 24Lung functionFEV~1~ (%pred)27 ± 7RV (%pred)232 ± 51TLC (%pred)131 ± 18DLCO (%pred)30 ± 12[^2]

Assessment of the Fissure Completeness Score on HRCT and Chartis Assessment {#S0003-S2002}
---------------------------------------------------------------------------

The median FCS of the right major fissure was 97.1% (range 60.2--100%), right upper lobe fissure 85.3% (range 23.4--100%) left major fissure 99.9% (range 49.7--100%). Chartis measurement was performed under conscious sedation in 113 patients and under general anesthesia in 127 patients. Chartis assessment of the right major fissure was performed in 106 patients (44%). Of these, 41 patients (39%) had presence of collateral ventilation and 65 patients (61%) had absence of collateral ventilation. The right upper lobe fissure was conclusively measured in 115 patients: 65 patients (57%) were CV~pos~ and 50 patients (43%) were CV~neg~. Chartis assessment over the left major fissure was successfully performed in 208 patients of whom 40 were CV~pos~ (19%) and 168 were CV~neg~ (81%).

Fissure Completeness Score versus Chartis Outcome {#S0003-S2003}
-------------------------------------------------

The median FCS was significantly higher in patients without collateral ventilation (p\<0.001) in all groups, see [Table 2](#T0002){ref-type="table"}. [Figure 2](#F0002){ref-type="fig"} shows the percentage of patients with or without collateral ventilation per fissure divided into subgroups of FCS. The predictive values per fissure and FCS are shown in [Table 3](#T0003){ref-type="table"}.Table 2Fissure Completeness Score Compared to Chartis MeasurementFCSCV PositiveCV NegativeMedianRangeMedianRangeRight major fissure94.860.2--10098.991.1--100Right upper lobe fissure83.423.4--76.697.225.1--100Left major fissure91.449.7--10010082.9--100[^3] Table 3Predictive Values per Fissure Completeness ScoreRight Major Fissure (N=106)FCSCV~neg~CV~pos~SensSpecPPVNPVNumber of Chartis Needed\*\>8064.4%35.6%12.296.064.4100.02.8\>8365.0%35.0%14.6100.065.0100.02.9\>8567.0%33.0%22.0100.067.0100.03.0\>9069.9%30.1%31.7100.069.9100.03.3\>9374.7%25.3%48.895.474.787.04.0\>9573.7%26.3%51.286.273.770.03.8\>9676.5%23.5%61.080.076.565.84.3\>9777.8%22.2%65.975.477.862.84.5\>9881.6%18.4%78.061.581.656.15.4\>9980.0%20.0%82.943.180.047.95.010085.7%14.3%92.727.785.744.77.0**Right Upper Lobe Fissure (N=115)FCSCV~neg~CV~pos~SensSpecPPVNPVNumber of Chartis Needed\***\>7540.9%59.1%32.394.051.687.51.7\>8056.0%44.0%43.196.156.090.32.3\>8354.7%45.3%47.782.054.777.52.2\>8558.2%41.8%56.978.058.277.12.4\>9066.0%34.0%73.866.066.073.82.9\>9369.6%30.4%78.564.069.673.93.3\>9573.2%26.8%83.160.073.273.03.7\>9673.0%27.0%84.654.073.070.53.7\>9771.4%28.6%84.650.071.468.83.5\>9873.3%26.7%87.744.073.367.13.8\>9980.8%19.2%92.342.080.867.45.210081.3%18.8%95.426.081.362.65.3**Left Major Fissure (N=208)FCSCV~neg~CV~pos~SensSpecPPVNPVNumber of Chartis Needed\***\>8085.3%14.7%27.598.885.3100.06.8\>8386.1%13.9%32.599.486.192.97.2\>8586.3%13.7%35.097.686.377.87.3\>9088.2%11.8%45.097.688.281.88.5\>9389.9%10.1%55.095.289.973.39.9\>9591.1%8.9%62.591.791.164.111.3\>9692.7%7.3%70.090.592.763.613.7\>9793.5%6.5%75.085.793.555.615.4\>9893.7%6.3%77.579.893.747.715.9\>9993.8%6.2%80.072.093.840.516.110092.8%7.2%82.553.692.829.713.9[^4] Figure 2Distribution of collateral ventilation. Percentage of patients with CV~neg~ or CV~pos~ compared to the fissure completeness score of the right major fissure, the right upper lobe fissure and the left major fissure. Number of patients: Right Major Fissure: 106; Right Upper Lobe Fissure: 115; Left Major Fissure: 208.**Abbreviations:** CV~pos~, presence of collateral ventilation; CV~neg~, absence of collateral ventilation.Figure 3Receiver Operating Characteristic Curves. (A) Right major fissure: The area under the curve (AUC) is 0.789. (B) Right upper lobe fissure: The AUC is 0.767. (C) Left major fissure: The AUC is 0.829.

###  {#S0003-S2003-S3007}

**Right major fissure:** The area under the curve (AUC) of the ROC-curve is 0.789 ([Figure 3A](#F0002){ref-type="fig"}). Lower cut off: FCS of ≤90% has a negative predictive value of 100%. Upper Cut off: patients with FCS \>95% have a positive predictive value of 73.7%, compared to 85.7% in patients with a fissure integrity of 100%.

**Right Upper Lobe Fissure:** The AUC of the ROC-curve is 0.767 ([Figure 3B](#F0003){ref-type="fig"}). Lower Cut off: of the 24 patients with FCS ≤75%, 3 were CV negative. The FCS of these patients were 75.0%, 55.6% and 25.1%. Upper Cut off: the positive predictive value of FCS \>95% is 73.2%, and 81.3% with an FCS of 100%. Even with an FCS of 100%, 18.8% of the patients showed evidence of collateral ventilation, compared to 26.8% with an FCS of \>95%.

**Left Major Fissure:** The AUC of the ROC-curve is 0.829 ([Figure 3C](#F0003){ref-type="fig"}). Lower Cut off: an FCS of ≤80% has a negative predictive value of 100%. Upper Cut off: patients with FCS \>95% have a positive predictive value of 91.1%, compared to 92.8% with a fissure integrity of 100%.

Costs {#S0003-S2004}
-----

To analyze the cost effectiveness of treating patients based on FCS alone or in combination with additional Chartis measurements, a costs-analysis was performed based on published data by Hartman et al, assuming 100 hypothetical patients.[@CIT0024] Based on the predictive values of the FCS, combining FCS and Chartis assessments before endobronchial valve treatment is always cost-effective in both fissures in the right lung ([Figure 4](#F0004){ref-type="fig"}). However, in regard to the left major fissure, it is cost-effective to treat without an additional Chartis measurement using an FCS \>95%.Figure 4Cost analysis. Hypothetical graph of the costs of 100 patients for treatment with endobronchial valves. Costs: Endobronchial valve treatment in all patients without Chartis assessment: € 12.447 per patient. Chartis measurement followed by treatment with valves: € 13.197 per patient; Chartis assessment not followed by treatment: € 3670.61 per patient.[@CIT0024] The "treat all" group indicates the costs of treating all 100 patients with a high FCS (indicated on x-axis) and without Chartis assessment. In the other groups (RULF, LMF and RMF), Chartis measurement is performed in all patients, but patients are only treated with endobronchial valves if they are CV~neg~.**Abbreviations:** RULF, Right Upper Lobe Fissure; LMF, Left Major Fissure; RMF, Right Major Fissure.

Discussion {#S0004}
==========

Patients with severe emphysema can be successfully treated with endobronchial valves.[@CIT0001],[@CIT0002],[@CIT0006]-[@CIT0008],[@CIT0018] Careful patient selection is crucial, and the absence of collateral ventilation is one of the most important predictive factors for a successful treatment. Valves placed in patients who turn out to have collateral ventilation are a burden to patients, treating teams and healthcare costs. We show in which patients additional assessments of collateral ventilation can lead to improved outcomes and cost savings.

The importance of collateral ventilation and the role of the FCS was acknowledged soon after the first treatments with endobronchial valves.[@CIT0018] QCT analysis provides an easy and non-invasive tool to assess the FCS as a surrogate for collateral ventilation. The FCS is predictive for the presence or absence or collateral ventilation, which is frequently used to preselect patients for treatment. However, although a correlation of FCS with the likelihood of collateral ventilation is evident, the degree of the correlation remains subject to discussion. Various studies used a cut-off value of 90% to define a fissure as complete.[@CIT0003],[@CIT0014],[@CIT0016],[@CIT0018],[@CIT0020] However, as our study shows, even with a fissure integrity of over 90%, a significant number of patients still have collateral ventilation and will not benefit from endobronchial valve treatment.

Two recently published randomized controlled trials treated patients based on FCS \>90% alone, the EMPROVE and the REACH trial.[@CIT0019],[@CIT0020] They showed an FEV1 improvement of \>15% in 37.2% and 41% of the patients, an RV reduction of 402 and 420 mL and a target lobe volume reduction of \>350 mL reduction in 74.5 and 66.1%, respectively. However, the mean FCS in the REACH trial was 97.8% and the mean FCS of the EMPROVE trial is not known. The effect in a subgroup of patients with fissures between 90% and 95% or how much of these patients are treated are not given. The LIBERATE and the TRANSFORM trial treated patients based on the presence of collateral ventilation measured by Chartis and showed an improvement of FEV1 \>15% in 47.7% and \>12% in 56.3%, the TLV-reduction \>350 mL was 89.9% at 12 months and 89.9 at 6 weeks, respectively.[@CIT0005],[@CIT0008] Furthermore, there is a difference in the occurrence of pneumothorax between these methods. The trials that treated patients only after the exclusion of collateral ventilation based on Chartis measurement reported a pneumothorax incidence between 26% and 29%,[@CIT0005],[@CIT0006],[@CIT0008] which is significantly higher than the rate of 4--14% reported in studies using only the 90% FCS cutoff.[@CIT0019],[@CIT0020],[@CIT0025] A higher pneumothorax incidence might indicate a larger treatment effect. Therefore, the effect appears to be more pronounced in studies using the Chartis measurement as the ultimate patient selection tool.

An earlier study suggested that the combination of Chartis and fissure analysis provides a useful workflow in patients eligible for endobronchial lung volume reduction by division in three groups.[@CIT0015] Patients with incomplete fissures (FCS \<80%) can be excluded from further valve treatment evaluation. Partially complete fissures (FCS between 80% and 95%) should be assessed with Chartis prior to treatment and high FCS (\>95%) can be treated without additional Chartis measurement. However, the outlined algorithm does not take into account any possible differences between the fissures. Our current study indicates that the left major fissure, being the only boundary between the two lobes, is more predictive than the FCS of the right pulmonary fissures for the presence of collateral ventilation. Only a very high FCS of at least 95%, and this only for the left major fissure, should actually be used to abstain from Chartis measurement. An individual example of a patient with a near-complete right major fissure and still collateral ventilation is provided in [Figure 5](#F0005){ref-type="fig"}.Figure 5Example of a patient with heterogeneous severe emphysema, with a nearly complete right major fissure but with evidence of collateral ventilation in Chartis assessment. (**A** and **B**) Severe emphysema is located mainly in the right upper lobe. The fissure appears to be complete in A, but shows a small defect in figure B (arrow). (**C**) Results of the quantitative CT analysis of the right lung. Fissure completeness score of the right major fissure suggested a nearly complete fissure (98.8%) for the right lower lobe. The right upper lobe fissure (76.9%) and right middle lobe fissure (77.8%) were quantified as less complete. (**D**) Visual representation of the fissure. The right side represents a complete left major fissure (green) without any gaps. The left side represents a nearly complete right major fissure (green) with minor gaps (red). (**E**) Chartis measurement of the right major fissure in the right lower lobe. It shows a persistent flow over time, as evidence of collateral ventilation through the major fissure.**Abbreviations:** RUL, Right Upper Lobe; RML, Right Middle Lobe; RLL, Right Lower Lobe.

Our data indicates that for the left major fissure, patients with FCS \<80% should be excluded from endobronchial valve treatment in the left lung without the need for further Chartis assessment. Regarding the right major fissure, all patients with an FCS below 90% had evidence of collateral ventilation and do not benefit from additional Chartis measurement. This is particularly interesting in the context that the FCS cut off of 90% suggested in previous clinical studies is too low to define a fissure as complete.[@CIT0002],[@CIT0014],[@CIT0018]-[@CIT0020]

The right upper lobe fissure is anatomically different from both major fissures, consisting of the minor and a part of the right major fissure. Our data shows that a few numbers of patients had no collateral ventilation with Chartis assessment even with an FCS of the right upper lobe below 75%. It is not known why this difference exists between the right lung and the left lung. Possibly, the mechanism of collateral ventilation is slightly different. One possible explanation is the way the major and minor fissures are shaped. There is a lot of variation in the way the fissures are formed, as is indicated by two examples in [Figure 6](#F0006){ref-type="fig"}. Even with a near-complete fissure on quantitative CT scan, the way the fissures are merged may lead to a small gap and collateral ventilation.Figure 6Formation of the right fissures. (**A**) The minor fissure (green dots) merges with a part of the right major fissure (red arrows). There is a gap between the superior and inferior part of the right major fissure, but the minor fissure is continuous with the superior part of the major fissure. (**B**) The major fissure is complete, the minor fissure merges with the major fissure.

The reason why there is no collateral ventilation, even with incomplete fissure may be due to the extent of disease of the pulmonary tissue. In emphysematous lungs, the resistance of the airways is much higher compared to healthy lungs. On the other hand, the resistance of the collateral channels is much lower in emphysematous lungs. Therefore, in emphysematous lungs, there is much more collateral flow over the collateral channels compared to healthy lungs.[@CIT0026] The mechanism of collateral ventilation between lobes through parenchymal bridges is unknown, but it is assumed that the mechanism might be the same as intralobar collateral ventilation.[@CIT0009],[@CIT0027],[@CIT0028] Therefore, it can be hypothesized that in relatively healthy lung tissue there is no presence of collateral ventilation due to the high resistance of the collateral channels, but only in emphysematous lobes, with a low resistance of the collateral challenge. Thus, if collateral ventilation is measured in a relatively healthy right upper lobe, there may be no collateral ventilation due to the high resistance, even if the fissure is incomplete. This may also be the case in an emphysematous right upper lobe, but healthier middle and lower lobe. More research is needed to clarify this issue.

Nevertheless, for the right upper lobe, this means that a lower threshold for the FCS should be employed to guide treatment decisions regarding the right upper lobe, and additional Chartis assessments are strongly encouraged if the right upper lobe is a good target but the fissures are incomplete.

For the upper limit threshold for the FCS, the necessity of an additional Chartis measurement can be based on two major considerations.

Cost Aspect {#S0004-S2001}
-----------

If patients with an FCS above a certain threshold would all be treated with endobronchial valves without performing an additional Chartis assessment, costs for the Chartis catheter would be saved. On the other hand, without Chartis measurement, a high number of patients would receive valves without effect, which is costly. Moreover, these valves may have to be removed, resulting in further bronchoscopies and hospital admissions. For more clarification, we performed a costs-analysis to compare the selection for treatment based on the fissure score alone to the combination of the FCS with Chartis measurement. For the right lung, all FCS should be combined with a Chartis measurement. For the left lung, patients can be treated based on an FCS \>95%, without Chartis assessment. Basis for the calculations is costs and reimbursements in the Netherlands and will yield different thresholds in other countries.

Number of Chartis Needed {#S0004-S2002}
------------------------

This represents the number of patients presumed to have complete fissures according to FCS, but have evidence of collateral ventilation in Chartis measurement. With the data from [Table 3](#T0003){ref-type="table"}, it is shown in how many patients a Chartis needs to be performed to prevent one patient from inadvertently receiving valves while there is collateral ventilation. This consequence should be discussed with patients. We believe Chartis should always be performed in the right lung and for the left lung an FCS \> 95% could be acceptable ([Figure 7](#F0007){ref-type="fig"}).Figure 7Number of Chartis measurements needed to identify one patient with collateral ventilation, by level of fissure completeness score. This score ranges from the indicated value on the x-axis to 100%.**Abbreviations:** RULF, Right Upper Lobe Fissure; LMF, Left Major Fissure; RMF, Right Major Fissure.

A low FCS indicates a high likelihood of presence of collateral ventilation. Potential target lobes with incomplete fissures are rarely chosen for endobronchial valve treatment. Therefore, outcome data in this setting are lacking. It has already been shown that treatment of patients with presence of collateral ventilation is not effective.[@CIT0018],[@CIT0021] We defined Chartis measurement as the most reliable predictor of success in endobronchial valve treatment since it functionally measures the collateral ventilation. Future studies may evaluate whether patients with a high FCS and low collateral flow may still benefit from treatment after treatment with endobronchial valves.

Conclusion {#S0005}
==========

In conclusion, if a patient appears to be eligible for endobronchial valve treatment based on their CT scan, lung function and other characteristics, quantitative CT analysis for the FCS is a useful but imperfect tool to further select patients for endobronchial valve treatment. We strongly encourage the use of both the FCS and Chartis measurement as patient selection tools, and not the FCS alone, as is suggested in some recent literature.

Patients with incomplete fissures (FCS \<80% for left major fissure and FCS \<90% for right major fissure) can be excluded from endobronchial valve treatment and no Chartis measurement is needed.

In patients with (more) complete fissures, Chartis is always recommended in the right lung. For the left lung, Chartis assessments can optionally be omitted if the FCS is \>95%.
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